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INTRODUCTION
In recent years a new method for the cultivation of micro-
organisms has been developed by Goodpasture and Buddingh(1). This method utilizes the chorio-allantoic membrane and
the embryo of the developing hens egg, and has been found to
be a very favorable culture medium for a wide variety of bacteria,
viruses and fungi (2).
In 1938 Morrow et al. (3) were successful in culturing Lepto-
spira icterohemorrhagiae in this manner, and recently Borrelia
duttoni (B. recurrentis) has also been found to be infectious for
the chick embryo by R. K. Oag (4) and A. Chabaud (5). In
spite of these successes with related spirochetes, attempts so far
to culture spirocheta paltida by this method have been un-
successful (6).
In some preliminary work we inoculated the chorio-allantoic
membranes of developing hens eggs with material containing
sp. pallida. No visible lesions were produced and we were un-
able to find formed spirochetes with darkfield microscopic
examination after 24 to 48 hours. However, as the space of time
during which chick embryos can be observed is relatively short,
and as syphilitic material is known to be infectious sometimes
even though no organisms can be demonstrated in it, we decided
to test the infectiousness of the chorio-allantoic membrane and
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the tissues of the embryo itself by intratesticular rabbit inocula-
tion.
METHOD
The nichols strain of spirocheta pallida was used as the source
of organisms. This was maintained by passage in rabbits.
Early, firm, testicular lesions were used to prepare the syphilitic
inoculum, which usually showed from 2 to 8 actively motile sp.
pallida per high power field.
Fertile hens eggs were obtained from a hatchery at regular
intervals. These were incubated in an ordinary egg incubator at
39°C. for 9 to 14 days before being inoculated. This initial period
of incubation may be called the primary incubation period and
is necessary in order to permit the development of the embryo to a
sufficient stage for inoculation. The older embryos withstand
manipulation better but allow a shorter period of time after
inoculation before they hatch. A square was then cut in the shell
of each egg with a carborundum disk attached to an electric dental
drill, and the egg opened as described by Goodpasture and
Buddingh (1).
Inoculation was usually made by depositing 5 to 12 drops of
the syphilitic material on the presenting surface of the chorio-
allantoic membrane. In a few experiments the syphilitic inocu-
lum was injected directly into the leg, body, or head of the embryo.
The opening in the shell was closed with a sterile cover slip and
sealed with a vaseline-paraffin mixture. Ordinarily, 12 to 18
eggs were inoculated in each experiment. These were then
placed in a bacteriologic incubator, and incubated for 6 to 9
days. This may be called the secondary period of incubation and
represents the time that the spirochetes were in the eggs.
The eggs were then opened, the chorio-allantoic membranes
dissected off, minced and examined for sp. pallida with the dark-
field microscope. The hearts and the livers were carefully re-
moved from the embryos and also examined for spirochetes.
These tissues were then pooled and an emulsion was made by
grinding them in a mortar with a small amount of normal saline
or beef broth. Using an 18 gauge needle to 1 cc. of this emulsion
was then injected into each testicle of one or two rabbits.
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The experimental rabbits were kept in an open, unheated room
and were examined at weekly intervals for a period of at least 100
days.
RESULTS
Part I
In the early spring of 1939, nine experiments were carried out.
Two of these resulted in the development of a nodule in the testis
of the experimental rabbit, in which sp. pallida were demon-
strated to be present in abundance. The details of these two
experiments were as follows:
A. A large, firm inflammatory testis was removed from a syphi-
litic rabbit six weeks following inoculation. A saline emulsion
prepared from this showed 1 to 4 actively motile spirochetes per
high power field. This inoculum was dropped on the chorio-
allantoic membranes of eggs previously incubated for 11 days.
These inoculated eggs were then incubated for 8 days at 35°C.
At the end of that time, four apparently healthy embryos were
selected: the chorio-allantoic membranes, the hearts, the livers
and the breast muscles of each were removed, placed in a mortar,
minced and ground up with saline. Careful darkfield examina-
tion of this material revealed no spirochetes. Eight-tenths of a
cc. of this emulsion was injected into each testis of a young adult,
white rabbit.
No lesions were noted in this rabbit until two and a half months
later when a small nodule developed in the right testis. At three
months this firm nodule was .about 1 cm. in diameter. This was
punctured and darkfield examination showed many, actively
motile spirochetes in each high power field. Two days later
this nodule was again punctured with the same result. A week
later it had become smaller so it was removed for transfer. An
emulsion prepared from this showed only an occasional spirochete.
This material was used to inoculate a fresh rabbit, which devel-
oped a firm, swollen testis 5 weeks later. This strain has since
been carried through 7 rabbit generations and in each has pro-
duced typical, ulcerated chancres.
B. The inoculum for this experiment was also prepared from a
syphilitic, testicular nodule, six weeks after inoculation. Twelve-
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day old embryos were inoculated, and these were then incubated
for 8 days at 35°C. The chorio-allantoic membrane, the heart
and the liver were removed from each of 8 embryos and made into
an emulsion. Darkfield examination of this showed no spiro-
chetes. One cc. of this was inoculated into each testis of a white
rabbit.
Two months later a firm, pea-sized nodule developed in the left
testis of this rabbit. Darkfield examination of material aspirated
from this nodule showed 20 to 30 very actively motile spirochetes
in each high power field. This testis was removed for transfer.
One month later two nodules developed in the other testis, which
also showed numerous spirochetes on darkifeld examination.
This strain was then carried for three additional rabbit generations
and in each produced early, typical, testicular chancres.
Part II
After this preliminary success, experiments were planned in an
attempt to verify these findings and to study the problem further.
We wished first o test the infectiousness of different tissues of the
embryo and also to attempt serial transfers. During the winter
of 1939—40 seventeen experiments were carried out as outlined
below:
I. Rabbit testicular material used as a source of sp. pallida.
A. In six different experiments the chorio-allantoic mem-
branes were dissected off and injected into 6 rabbits.
B. In thirteen experiments the hearts and the livers were
removed from the embryos and injected into 15
rabbits.
C. In three experiments the brains of the embryos were
removed and injected into 3 rabbits.
D. Passage through two egg generations was attempted
in five experiments. In two of these, membrane
tissue was used as the inoculum and 5 rabbits were
injected; in three experiments, heart and liver tissue
was used and 6 rabbits were inoculated.
II. Rabbit lymph-node material used as a source of spirochetes.
A. In four different experiments the chorio-allantoic
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membranes were removed and inoculated into 4
rabbits.
B. In four experiments the hearts and livers were re-
moved and injected into 6 rabbits.
The strain of spirochetes which had previously been successfully
carried through eggs was used for the syphilitic inoculum in several
of these experiments. In this part of the work the inoculated eggs
were incubated in a bacteriologic incubator at 37° to 37.5°C.
The results of these later experiments were very disappointing
in that they were all negative. No syphifitic lesions developed
in any of the experimental animals.
Blood Kahn tests were performed on all of the 45 experimental
rabbits used in this part of the work. These were taken from 8
to 12 weeks after inoculation. The serum of 18 of these rabbits
gave a negative reaction to the standard Kahn test; 13 gave a +
or + + reaction; and 14 gave a + + + or a + + + + reaction
to the standard Kahn test. Quantitative determinations showed
that all of these positive serums were of low titer. Only one
rabbit showed a titer of more than 4 Kahn units. This single
rabbit had 20 units. However, as syphilitic rabbits ordinarily
have a titer of more than 40 Kahn units (7), all of the positive
reactions given by these experimental rabbits were considered
to be false reactions of the animal type and were not interpreted
as indicating the presence of syphilis.
COMMENT
Under the conditions with which these experiments were con-
ducted, it would seem that the developing chick embryo was not a
particularly favorable medium for the culture of the sp. pallida.
No direct evidence was obtained of actual growth or multiplication
of spirochetes in the tissues of the chick, although we feel that this
probably did occur in the two successful experiments. The
survival of virulent organisms in the egg for a period of 8 days was,
however, demonstrated in these two experiments. This seems
to indicate that the egg culture method does offer some possibility
for the culture of sp. pallida and may yet prove to be of value in
syphilis research.
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In carefully reviewing the technique used in the two parts of this
work it was noticed that in the first part, in which the two suc-
cesses occurred, the eggs after inoculation were all incubated at
35°C.; while in the second part, in which no successes occurred,
the inoculated eggs were incubated at 37° to 37.5°C.
This difference in temperature may have been an important
factor. The lower temperature may be more favorable for the
growth of spirochetes from rabbit testicular lesions, or it may in
some way render the tissues of the chick embryo more susceptible
to spirochete infection. At any rate if and when similar work is
carried out, it would seem worth while to try incubation of the
inoculated eggs at carefully regulated temperatures from 37°C.
down to as low even as 32°C.
The inoculation of eggs at an earlier stage of development would
also be of interest. In the present work we have used embryos of
from 9 to 14 days of age (primary incubation period). The
inoculation of embryos of from 6 to 9 days of age would make
possible a longer period of secondary incubation.
SUMMARY
1. Experiments were carried out in an attempt to culture sp.
pallida on the chorio-allantoic membrane and in the embryo of
the developing hens egg. The infectiousness of these tissues was
determined by intratesticular rabbit inoculation.
2. Two experiments were successful in that syphilitic, testicular
nodules developed in the rabbits injected with tissue of embryos
that had been inoculated 8 days previously with sp. pallida.
3. In the two successful experiments, repeated darkfield exam-
inations of the inoculum of the ground up embryo failed to dethon-
strate any organism.
4. The survival of virulent sp. pallida in the tissues of chick
embryos for a period of eight days in the absence of the demon-
stration of the organism in these tissues is suggestive but not
conclusive evidence of a resting or ultramicroscopic phase of the
organism.
5. In the two successful experiments, the inoculated eggs were
incubated at 35°C., the unsuccessful experiments having been
inoculated at 37° or over.
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